We have selected stress-annealed nanocrystalline Fe-based ribbons for magnetic/copper/magnetic sensors exhibiting high magneto-impedance ratio. Longitudinal magnetoimpedance ∆Z/Z sat reaches 400% at 60 kHz and longitudinal magneto-resistance ∆R/R sat increases up to 1100% around 300 kHz.
INTRODUCTION
Detection of embedded cracks in non destructive inspection, study of solar wind interactions with terrestrial magnetosphere, molecular recognition systems and selective detection require high sensitive and small sized magnetic sensors. Magneto-impedance (MI) in sandwiched (magnetic/conductive/magnetic) films is being actively investigated nowadays to miniaturise MI elements and maintain its high sensitivity for micro-sensing applications. The principle of GMI effect consists of a significant change of the impedance value of a magnetic conductor (wire, ribbon, thin layers) crossed by a high frequency current I ac , when it is subjected to quasi-DC or low frequency AC magnetic field B [1, 2] . The applied magnetic field affects the transversal permeability of the magnetic conductor, determining modifications of the AC current penetration depth, which are closely related to the impedance value at a given frequency [3, 4] . The GMI effect has been investigated in a variety of Fe-and Co-based wires, ribbons and films. A very high sensitivity to an external field is typical of magneto-impedance (MI) in soft ferromagnetic conductors with welldefined anisotropy [5, 6] . Magnetic sensors based on MI in amorphous ferromagnetic conductors have been developed which demonstrate the field detection resolution of 10 -6 Oe (10 -7 mT) for the full scale of ± 1.5-2Oe (0.15-0.2mT) with a sensor head length of 1mm [7] . A very sensitive MI has been reported to occur in F/M/F multilayers, in which the impedance change ratio is several times larger than in a similar single layer ferromagnetic film. For example, in CoSiB/Cu/CoSiB films of 7µm thick, the MI ratio is 340% for a frequency of 10MHz and a DC magnetic field of 9 Oe (0.9 mT) [8] . On the other hand, in the CoSiB layer of the same thickness, the impedance varies over few percents under these conditions. In electrically uniform materials under the condition of a strong skin effect, the impedance is a square root function of the frequency and permeability but in the multilayers, a very large change in impedance can be observed at much lower frequencies when the inductance related to the outer magnetic layers is much higher than the resistance determined mainly by the inner conductor [9] . Then the impedance varies linearly with the frequency and permeability and due to this advantage, MI in sandwich films has a potential to be used in developing sensitive micro-magnetic sensors and magnetic heads for high density magnetic recording.
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where B sat = 8 mT.
The measurements of DC and AC fields have been carried out using a trilayer F/Cu/F nanocrystalline GMI sensor. [10] ), extreme low temperature dependence (0.17%/°C). Furthermore, such annealed ribbons present the particularity to be ductile and are easily handled for the elaboration of F/Cu/F glued layered structure for GMI sensor. The layers of ribbons are 20m thick, 6cm long and 1cm wide. By means of two pairs of Helmholtz coils providing the DC field H dc , two configurations have been tested: (i) H k perpendicular to ribbon axis and H dc parallel to I ac (Longitudinal Magneto-Impedance; LMI), (ii) H k and H dc perpendicular to I ac (Transversal Magneto-Impedance;TMI).
MEASUREMENTS OF DC FIELDS
Impedance measurements were performed within 30-600 kHz range using a SR844 (Stanford Research Systems) Lock-in Amplifier with input filters 6dB/oct. A 10Ω, 0.1% resistor is used to set the current I ac at a value around 10 mA RMS . Fig. 1 shows the dependence of GMI ratios ∆R/R, ∆X/X and ∆Z/Z on frequency when DC field is applied along sensor length (LMI configuration). ∆Z/Z increases up to a maximum 450% at f m =60 kHz, where skin effect is predominant and then decreases due to decrease in permeability at high frequencies. The skin depth of the AC current in the sample decreases as frequency increases. The transverse permeability of the magnetic ribbons decreases because of the increase of the eddy currents. We observed that the measurement of real part of impedance is better sensitive to field when excitation frequency is around 200-300 kHz. In fig. 2 , field-dependent LMI and TMI curves clearly underline the requirement a bias field (around 0.5 mT) in order to realize 1D high-sensitivity sensors ( fig. 3) . Shape of the TMI curve is mainly due to shape demagnetizing effect, which is interesting in case of existence of parasitic perpendicular fields to the sensing direction (see fig. 4 ). Table 1 gives some values of the maximum sensitivity-to-field obtained using real (S /R ) or imaginary (S /X ) parts of impedance. As comparison, commercial GMR sensors exhibit respectively S /R =0.35%/mT [11] . 
MEASUREMENT OF LOW AC FIELDS
Especially designed electronic amplifier has been used for the F/Cu/F GMI biased sensor. The current excitation through the GMI acts as a simple "amplitude modulation". Thus, the magnetic field measurement is contained inside the GMI signal. Then a ferrite transformer together with a low noise differential amplifier permits the GMI signal amplification with very low added noise ( fig. 5) . Finally, the output signal (Vs) is multiplied by clock (in phase with the excitation signal Vexc) in order to perform a synchronized extraction of the measured magnetic field. The frequency used in the experiments is 220 kHz. Fig.  6 shows the frequency dependence of sensitivity: 60V/T at the GMI level or 4500V/A/T (to be compared to 750V/A/T for AlGaAs/InGaAs/GaAl best Hall sensors working with nominal current of 1 mA [12] ) up to a few hundred Hz. We have also checked the high sensitivity of F/Cu/F GMI sensor: 1m diameter Helmholtz coils are used to generate an AC field (100Hz) of 500 nT. In these conditions the spectrum noise density (PSD) of demodulated signal (Vs1) exhibits a peak at 100Hz (cf. fig.6 ) with a magnitude of -63.6 dBV.Hz -1/2 (spectrum analyzer frequency range 50-150Hz, span 1600, thus ∆F=62.5 mHz). Consequently, the amplitude of 100Hz line is 165V when the applied magnetic field reaches 500nT. The Noise Equivalent Magnetic Induction (NEMI) is equal to: -105 dBV.Hz -1/2 -51.6 dBV/T = -156.6 dBT.Hz
or 13nT/Hz -1/2 . An important point is that the background noise level of the GMI sensor is not reached as the noise from oscillator is preponderant. Further works will aim to investigate added noise from oscillator. 
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CONCLUSIONS
First results obtained in F/Cu/F GMI biased sensors using nanostructured FeSiBCuNb materials concern sensitivity to DC field (thousand %/mT), sensitivity to AC field (60 V/T up to a few hundred Hz), no hysteresis is observed. At the current stage of development, NEMI performances are limited to electronic noise, which should be overcomed.
